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Introduction and motivation
Aggregate price levels expressed in a common currency at going nominal exchange rates are generally higher in richer than in poorer economies, an observation dubbed "Penn effect" in Samuelson (1994) . Recent panel data studies (e.g., Dobrinsky, 2003; de Broeck and Sløk, 2006) have found comparatively high point estimates for corresponding price-productivity elasticities for (former) transition economies in Central and Eastern Europe (CEEC), which seems to contrast with findings from cross-section regression analyses, where the inclusion of poorer countries tends to generate lower elasticities (Maeso-Fernandez et al., 2005) . Whether or not a "special" status for (former) transition economies exists in the Penn effect appears important for two reasons. First, it might lead to inflation in these countries, which the ECB, among others, could be concerned about. Second, it might lead to losses in competitiveness, which policy makers in these countries should be concerned about.
The idea of this paper is to put the price-productivity behaviour of (former) transition economies into an international perspective. For this purpose, we first review the literature on the Penn effect, that seems to reveal a special status for (former) transition economies. In Section 3, we demonstrate that within the time-series dimension, estimated price-productivity elasticities for transition economies are indeed higher than for OECD countries. In the following, however, we argue that (i) the Penn-effect is by nature cross-section rather than time-series, and (ii) that estimations of price-productivity elasticities without the inclusion of other real factors might suffer from omitted variable bias and omitted variable inconsisteny. As a solution, we propose an extended approach in order to take account of reform effort as the driving force behind deregulation, reallocation, and restructuring during transition. Results of estimating the extended approach with panel data and fixed period-effects suggest that the price-productivityelasticity for (former) transition economies is not different from that of OECD economies.
The Penn effect for (former) transition economies
Purchasing power parity (PPP) is linked to the tradability of goods and services. If all goods are tradable at no cost and enter each country's basket used to construct the aggregate price level with the same weight, arbitrage ensures that aggregate price levels, P 1 and P 2 , are identical for each pair of countries when expressed in a common currency at the going nominal exchange rate. More generally, the deviation of the nominal exchange rate e 12 from purchasing power is just the real exchange rate between countries 2 and 1, RER 21, 
equivalently defined as the deviation of the ratio of two countries' aggregate price levels from their nominal exchange rate. Absolute purchasing power parity, of course, is equivalent to RER 21 = 1.
In fact, what we observe are systematic deviations from PPP: aggregate price levels expressed in a common currency at going nominal exchange rates are generally higher in richer than in poorer economies, an observation dubbed the "Penn effect" in Samuelson (1994) .
By far the most prominent explanation for the Penn effect is the Balassa-Samuelson (BS) hypothesis (Balassa, 1964; Samuelson, 1964) . Balassa and Samuelson rationalise the effect in a chain of arguments building on (a) purchasing power for tradables, (b) relative prices reflecting relative labour productivities, (c) homogenous national labour markets across sectors of production, and (d) overwhelming differences in (labour) productivity across countries to be found in tradable rather than in non-tradable production. Leaving (d) aside defines the productivity gap version of the BS hypothesis: the real exchange rate between each pair of countries 2 and 1 is the higher the higher country 2's ratio between its tradables and non-tradables sector productivities compared to country 1:
where and are (labour) productivity in country j's tradable and non-tradable sectors, and equal preferences across countries are described by constant and equal consumption expenditure shares for tradables and non-tradables, θ and 1-θ, respectively.
Adding observation (d), i.e., that cross-country productivity differences are concentrated in the tradable goods sector, 2 immediately implies the Penn effect: for each pair
The Penn Effect and Transition of countries, their real exchange rate is a positive function of their ratio of overall productivities, with the consumption expenditure share for non-tradables corresponding to the elasticity of the real exchange rate with respect to relative productivity (the priceproductivity elasticity): (3)
Empirical work on the Penn effect like Bergstrand (1991) , Lothian and Taylor (2008) or Chong et al. (2010) typically studies relationships between countries' multilateral real exchange rate measures and productivities. The most popular measures of countries' multilateral real exchange rates are (i) effective real exchange rate indices, i.e., weighted sums of each country's bilateral nominal exchange rates deflated by consumer price indices with weights corresponding to the relative importance of partner countries in trade; or (ii) comparative prices (or exchange rate gaps in much of the literature), as provided in the Penn World Tables (PWT), defined as the deviation of a country's nominal exchange rate against the international dollar from purchasing power.
Each country's comparative price level is by construction a weighted real exchange rate against the international dollar, where the weighting scheme is based on the relative prices that underlie the derivation of the international dollar, thus providing a measure of (1) that is conceptually close and highly correlated with a trade-weighted real effective exchange rate index. However, comparative price levels have the enormous advantages of being more widely available and of being internationally comparable in level terms, which is why we use them in the rest of this paper. so far been mostly confined to identifying Penn or BS effects within this country group's data, without putting them into an international perspective. Early results in this vein had been used as a basis for arguing that real appre-ciation in the region is to a large extent due to BS (Halpern and Wyplosz, 2001) . However, in their meta-regression analysis of studies on CEEC real exchange rate behaviour fail to find a significant influence of a simple BS-driven behaviour on real exchange rate developments in the region. Recent work has supported this view on the ground that even for tradables PPP need not necessarily hold, e.g. due to a quality adjustment bias (cf. Cincibuch and Podbiera, 2006) . Égert et al. (2006) stress three stylised facts of real exchange rate behaviour in transition:
1. Until around the mid-1990s transition countries' currencies were substantially undervalued in terms of PPP. 2. Different from the BS pattern of explanation of the Penn effect, all types of goods, not only non-tradable services, were or still are undervalued in terms of PPP. 3. Different in extent across countries, the region has witnessed strong appreciation from the outset of transition. Accordingly, the possibility of a special relationship between productivity and aggregate price levels for (former) transition economies, evident from Figure 2, arises because aggregate price levels of a former centrally planned economy (CPE) may ceteris paribus be biased downwards: price liberalization may still be incomplete, i.e., the output of a former CPE is not yet fully priced on the market, subsidization drives a wedge between prices and costs especially for services, i.e., non-tradables. Moreover, output quality is systematically lower in a former CPE than in a market economy (Frensch, 2004; García-Solanes et al., 2008) . On the other hand, a number of (former) transition countries, especially in the CIS, are oil and gas exporters where related Dutch disease phenomena might drive up comparative prices. In terms of a theoretical foundation, Clague (1985) proposes that within a specific factors model increases in the endowment of specific factors -one of which is natural resources -lead to higher comparative price levels, as do productivity increases.
-Figure 2 about here -
Estimation and results
The time-series dimension
One drawback of using panel data lies in the potential non-stationarity of price and productivity data. This is of specific concern with panels too short for proper panel unit root testing. De Broeck and Sløk (2006, pp. 377-8) employ Pooled Mean Group (PMG) estimations for the long-run time series dimension of the relationship between productivity and real effective exchange rates stating "in case the variables are I(1), estimation is conducted under the untested assumption that there exists a long-run relationship such that the error term in the estimated long-run equation is stationary." However, their procedure is not completely without problems: PMG estimations focussing on the timeseries dimension are done with a very short panel and are derived only for CEEC and CIS countries and not estimated for OECD countries or any other "control group." 4 On the choice between fixed effects and alternative estimators for potentially nonstationary data, Fidrmuc (2009) in the gravity context uses cross-sectionally augmented panel unit root testing methods and confirms that trade and income variables used in gravity regressions are integrated of order one. However, Fidrmuc (2009, p. 436 ) finds that, although fixed effects estimators may be biased, they are not only asymptotically normal and consistent with large panels but also perform "relatively well in comparison to panel cointegration techniques" in finite samples, concluding the potential bias of fixed-effects gravity estimators to be rather small. Accordingly, we start by analysing the time-series dimension of the Penn effect in a panel OLS regression with country fixed effects to control for plausibly important timeinvariant country-specific unobserved heterogeneity with the implication that no timeinvariant influences can be estimated. Data on PPP-adjusted income per capita, y, to proxy average productivity and p are taken from the PWT, version 6.2 (see notes to Figure 1 ). The data cover 41 countries (i.e., 12 CEEC, 9 CIS, and 18 non-transition OECD, see Appendix table B1) over 1992-2004, resulting in a panel size of 484 observations.
- Table 1 about here -Results reported in Column 1 of Table 1 confirm a significant benchmark Penn effect with special status for transition economies; in particular, we note an economicallythough not statistically -significant positive coefficient for Central and Eastern Europe, and a negative price-productivity relationship for CIS economies. These results seem to confirm recent panel data studies (e.g., Dobrinsky, 2003; de Broeck and Sløk, 2006) that have found high point estimates for price-productivity elasticities for (former) transition economies in Central and Eastern Europe.
However, while this feature is routinely explained by extraordinary reform efforts in these countries spurring productivity growth, the relevant literature does not directly include reform variables in its estimations. As a consequence, it is in fact unable to identify reform effects. What is more, structural reforms are likely to jointly influence p and y. So their omission entails an omitted variable problem, with y being endogenous and its estimated coefficient potentially biased and asymptotically inconsistent. More specifically, reforms in Central and Eastern European (former) transition economies can be expected to have pushed up both productivity and prices in these countries (cf. Dufrenot and Egert, 2005) . Thus, the particularly high price-productivity elasticity in the transition context reported by much of the literature could be partly or even entirely due to the omission of reform variables.
In Appendix A, we exemplify a simple extension to the static BS-based approach to the Penn effect, focussing on real factors and reforms (like Coricelli and Jazbec, 2004 and García-Solanes et al., 2008) . According to this extended approach, real exchange rate developments react to productivity developments, reform-driven quality improvements and sectoral reallocation, and the competition effect of trade liberalisation. 5 While trade liberalisation and competition are per se reform variables, all other variables are also influenced by various reform efforts, and potentially dominated by themin particular in (former) transition economies. Rather than attempting a structural estimation, we take this extended BS approach as motivation to estimate price-productivityelasticities controlling for reform effort.
A priori, we'd expect price liberalisation, i.e., lessening administrative price controls, to imply higher price levels, given prevailing shortages at the outset of transition. 6 In similar vein, trade and foreign exchange system liberalisation would have the same effect, while competition policy should cet. par. have a price decreasing effect. Small scale privatisation can be expected to be linked to positive price effects because private rather than state provision of private goods is linked to cost coverage. This mechanism should also be present for large scale privatisation. However, as Hanousek and Kocenda (2010) show, large scale privatisation often goes hand in with disinvestiments or the outright break-up of conglomerates which might lead to lower prices. Therefore, a priori the overall effect of large scale privatisation on prices is uncertain.
The EBRD Transition Indicators measure reform progress along several dimensions, in terms of price liberalisation, trade and foreign exchange system liberalisation, competition policy, large scale privatisation, and small scale privatisation on a scale with one-third steps between 1 and 4.33. We assume these indices to equal 4.33 for OECD economies, in line with their construction (cf . Table B2 ). While the EBRD transition indicators are often used as cardinal measures, they are probably ordered qualitative rather than cardinal and should not be used directly in linear regression analysis. For this reason, we construct dummy variables from these indicators in the general form of
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ReformMeasure_Level j,t , indicating whether or not country j has within a certain policy field made the step towards a certain level on the EBRD scale at some point in time. With reform progress measured in steps of one third of a point, quite a number of dummy variables are conceivable. Specifically, we construct dummy thresholds at median value for (former) transition countries to assess reform impact on comparative prices (for more on this, see Section 4 on sensitivity).
Results reported in Column 2 of Table 1 confirm the existence of a benchmark Penn effect in the time-series dimension. Much of the Column 1 special status for (former) transition economies is now picked up by the transition indicators broadly in line with a priori expectations. Competition policy, however, exhibits an insignificant coefficient.
Regressions reported in Columns 1 and 2 of Table 1 are problematic because the focus on the within-variation of the price-productivity relationship might aggravate measurement errors in the PPPs defining p, much of which is essentially unobservable. Between ICP rounds, changes in data and methods are regularly introduced. 7 Furthermore, available reform variables show rich between but little within country variation, which is especially true for structural reforms such as progress with competition policy. The inclusion of country fixed effects implies that no time-invariant parameters, such as potentially important natural resource endowments, can be included in the regression. Controlling for time-invariant country-specific unobserved heterogeneity makes it difficult to motivate y as a good proxy for productivity in a world of synchronised business cycles.
The cross-section dimension
As stated in section 2 above and forcefully argued in Samuelson (1994) and Bergin et al. (2006) the Penn effect is fundamentally a cross-section phenomenon: aggregate price levels expressed in a common currency at going nominal exchange rates are generally higher in richer than in poorer economies.
In line with this, two strands of empirical literature suggest that a closer look at the cross-section dimension of this relationship might indeed be revealing. First, Maeso-Fernandez et al. (2005) report that price-productivity elasticity estimates from crosssection regressions vary greatly with sample composition. "(T)he inclusion of poor countries -particularly, African countries -tends to generate lower elasticities" (p. 139). Evidence in Frensch (2006) also suggests different strengths of the p-y relation-7 A "potentially important difference is that (compared to the 1993 and prior ICP rounds) stricter quality standards were used in the 2005 price surveys, to assure that the ICP was obtaining prices for internationally comparable commodities. This is important given that one expects that lower quality goods are consumed in poorer countries, creating a risk that (without strict standards in defining the products to be priced) one will underestimate the cost of living in poor countries by confusing quality differences with price differences" (Ravallion, 2010) .
OSTEUROPA-INSTITUT REGENSBURG
Working Paper Nr.295 ship in sub-samples of countries, with an especially pronounced relationship for OECD countries. 8
Second, Bergin et al. (2006, p. 4 ) conclude that in a sequence of PWT cross sections every 5 years between 1950 and 1995, the relationship has gradually strengthened, "with the slope estimate roughly quadrupling in size over half a century." Why the Penn effect has strengthened over time remains a question of active research. According to one straightforward explanation rooted in the underlying BS effect, the consumption expenditure share for non-tradables has increased over time. However, in fact, in 1950 traded shares of output were lower both than in 1913 or in 2000 (Taylor and Taylor, 2004) . Rather, recent approaches to endogenise BS effects (see especially Bergin et al., 2006) start out with the hypothesis that declining trade costs increase tradability, such as in models of heterogeneous firms and trade (Melitz, 2003) . 9
Because of the relatively small number of cross-sectional observations, however, we are unable to strictly explore the between variation of the price-productivity relationship. We rather compromise by running a panel OLS regression with period-fixed effects; this controls for plausibly important time-specific country-invariant unobserved heterogeneity with the implication that synchronised business cycles are captured to better proxy productivity with PPP-adjusted per capita income, y.
In addition to the data used in the previous section, the IMF Guide on Resource Revenue Transparency (2007) is used as a source for dummies for hydrocarbon-rich countries.
Results reported in Column 3 of Table 1 confirm the existence of a cross-country benchmark Penn effect, quantitatively close to the one found for the time-series dimension. Most notably, there is no special status for (former) transition economies; rather, dummies for hydrocarbon-rich countries based on IMF (2007) and some transition indicators play an important role. In particular, price and trade and foreign exchange system liberalisation imply higher price levels; the same holds for privatisation, although not significantly so for large scale privatisation. Competition policy is again not associated with comparative price levels in a statistically significant way.
Sensitivity
Choice of sample
The major qualitative results of the previous section are the existence of a Penn effect implying a price-productivity elasticity of about 0.5 and that within our cross-section specification, there is no special status for (former) transition economies. Rather, identifiable time-varying country-specific variables such as energy dependence and the extend of reforms cet. par. have a significant influence on aggregate price levels. These results are robust to excluding Armenia, Azerbaijan, Kyrgyzstan (for which we have very few observations) from the sample, or for extending the sample period to 1989-2004 (cf. Columns 4 and 5 of Table 2 ).
- Table 2 about here -
Variable definition
Our major results are also quite robust to variations in variable definitions: we first experiment by changing the definition of oil and gas exporters as to net energy exporters (as listed by IEA, 2008) . Second, we vary the exact threshold for the definition of the transition indicator dummies: rather than to construct dummies at median value for (former) transition countries, we construct dummies by discriminating between first tercile of (former) transition countries versus the other two, or between the first two terciles of (former) transition countries versus the third. In none of these specifications do we find a significant special status for (former) transition economies in terms of a significantly higher price-productivity elasticity than for OECD economies. Rather, in our last specification (Table 3 , Column 8), we even find a significantly lower priceproductivity elasticity for CEEC than for OECD economies. 10
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Conclusions
We find a robust and stable Penn effect over all our specifications, with an implied price-productivity elasticity of about 0.5. Within the pure time-series dimension, our results confirm earlier findings reporting the existence of a special status for (former) transition economies in form of a significantly higher (lower) price-productivity elasticity for CEEC (CIS) than for OECD economies. However, we argue that (i) the Penn effect is fundamentally a cross-section phenomenon and (ii) the omission of real factors connected to reform effort might lead to omitted variable bias and omitted variable inconsisteny. In our preferred specification, which treats the Penn effect as a cross-section phenomenon and in which resource dependence and the extend of reforms are included as additional control variables in order to take account of possible endogeneity of the productivity variable, there is no special status for (former) transition economies. These results are very robust with respect to choice of sample and variable definition. Figure 1: The Penn effect for 39 countries (OECD, CEEC, and CIS), 1992-2004 Notes: PPP-adjusted income per capita, y, and comparative prices, p, both measured relative to the U.S., are taken from the Penn World Tables version 6.2; for definitions, see Appendix Table B2 . Source: Penn World Tables 6.2.
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Figure 2:
The Penn effect for OECD, CEEC and CIS economies, 1992-2004
Notes: PPP-adjusted income per capita, y, and comparative prices, p, both measured relative to the U.S., are taken from the Penn World Tables version 6.2; for definitions, see Appendix Table B2 . Source: Penn World Tables 6.2. * (**, ***) indicate significance at 10 (5, 1) per cent; heteroskedasticity robust standard errors in parentheses; results are robust to the use of bootstrapped standard errors and bias correction (200 replications), except for the y and small privatisation coefficients in column 1' which become significant at the one per cent level and the CEEC*y coefficient in column 2, which becomes significant at the ten per cent level. 110; 1992 -2004 (1989 -2004 ; * (**, ***) indicate significance at 10 (5, 1) per cent; heteroskedasticity robust standard errors in parentheses; results are qualitatively robust to the use of bootstrapped standard errors and bias correction (200 replications).
Appendix A: An extended static BS framework for motivating Penn effects in transition
In the simple set-up of section 2, the only alternative to a deepening productivity gap to imply a more pronounced BS-type relationship is by a rise in the share of non-traded goods in GDP, which seems heavily at odds with empirical developments. The argument in Frensch (2000 Frensch ( , 2006 , on which we build here, however, allows to separate tradability from reallocation in terms of changes in income shares spent on services and industrial goods. For further analysis, we return to the arbitrage view of the BS set-up, extending the framework to incorporate the effects of transition, defined as institutional reform driven resource reallocation, corporate restructuring, and liberalisation (Blanchard, 1997) . Then, ,
12 1 2 21 ln ln ln ln e P P RER − − = following the notation in section 2 omitting time. Rather than differentiating only between tradables and non-tradables, we assume two sectors, industry (I) and services (S), with products entering price levels with potentially different weights such that,
We make a few simplifying assumptions to modify the set-up of section 2: 
After total differentiation and again collecting terms, we decompose the rate of change of the real exchange rate of country 2 relative to country 1 into four separate effects (where a Δ of a logarithmic value indicates a growth rate), 
(d) Competition effect of trade liberalisation
Separating tradability from income shares spent on services and industrial goods allows to show that, in addition to the productivity gap effect, reallocation from industry towards services in country 2, relative to country 1 ( 0 2 < Δφ ), also implies a real exchange rate appreciation assuming that productivity in industry is higher than in services. Also, quality improvements drive up the real exchange rate. A unilateral reduction in country 2 versus country 1 foreign barriers to trade in industrial products (Δτ 2 > 0 and Δτ 1 = 0) implies a real depreciation for country 2. Symmetric reduction in barriers to trade (Δτ 1 = Δτ 2 > 0) implies a depreciation for country 2 as long as the share of this country's services sector in total production is smaller than in country 1. While this depreciation effect is rooted in the pro-competition effect of trade liberalisation, trade liberalisation, along with all other reform measures described in section 3, influences and even dominates restructuring efforts and sectoral reallocation, specifically pronounced during transition. The Penn Effect and Transition
